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Foreword

This study was conducted for Malmstrom Air Force Base, MT, under Military In-
terdepartmental Purchase Requests (MIPRs) No. N341CES0123026, “Reduction of
Stack Emissions During Startup and Shutdown at Malmstrom Air Force Base,
MT,” and N341CES0123027/PO, “Evaluate Air Emission Situation at Base Heat
Plant.” The technical monitors were Mr. William Reid and Mr. David Heckler,
CES/CEOE. :

The work was performed by the Energy Branch (CF-E) of the Facilities Division -
(CF), Construction Engineering Research Laboratory (CERL). The CERL principal
investigator was John L. Vavrin. Dr. Tom Hartranft is Chief, CEERD-CF-E, and
Mr. L. Michael Golish is Chief, CEERD-CF. The associated Technical Director was
Gary W. Schanche, CEERD-CV-T. The technical editor was William J. Wolfe, In-
formation Technology Laboratory. The Director of CERL is Dr. Alan W. Moore.

CERL is an element of the U.S. Army Engineer Research and Development Center
(ERDC), U.S. Army Corps of Engineers. The Commander and Executive Director
of ERDC is COL John Morris III, EN and the Director of ERDC is Dr. James R.
Houston.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional
purposes. Citation of trade names does not constitute an official endorsement or approval of the use of
such commercial products. All product names and trademarks cited are the property of their respective
owners. The findings of this report are not to be construed as an official Department of the Army position
unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT RETURN IT TO THE
ORIGINATOR.
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Introduction

Background

The Coal Fired Heat Plant (CFHP) at Malmstrom Air Force Base (MAFB), MT is
designed to fire both natural gas and sub-bituminous coal. To achieve this, the
plant uses three generators: one designed to burn coal, one designed to burn ei-
ther coal or natural gas (a “dual-fueled” unit), and one designed to burn natural
gas. The three generators provide high temperature hot water (HTHW) to the en-
tire base. The dual-fuel generator (operated with coal), and the coal-fired spreader
stoker generator each have an input capacity of 106 million Btu per hour
(MMBtwhr) and an output capacity of 85 MMBtwhr. The dual-fuel generator (op-
erated with natural gas) and the natural-gas-fired generator can each yield a
maximum output capacity of approximately 30 MMBtu/hr (for a combined total of
60 MMBtu/hr). ‘

The use of coal at MAFB offers some operational advantages. One coal-burning
generator can provide ample heat for the entire base. (In this circumstance, a sec-
ond generator would serve as a standby unit.) Although MAFB uses natural gas in
the spring and fall to heat the entire installation, two generators fired on gas (and
operating at capacity) may not provide adequate heat for the entire base during
extremely cold periods—the base must use coal to meet its winter heating needs.

Under normal operating conditions, the coal-fired generators meet the Montana
Department of Environmental Quality (MDEQ) emission standards. However,
under certain nonstandard conditions, the plant may exceed emission limits. Dur-
ing startup procedures, for example, the spray dryer absorber (SDA) and baghouse
must be bypassed until the flue gas temperature reaches a level that will not cause
damage to the baghouse or cause plugging of the SDA unit with slaked lime.
Emission limits may often be exceeded for up to one-half hour or more during these
startup periods. Emission limits may also be violated when the scrubber is by-
passed while the plant is operating to remove material buildup in the SDA unit.
All such periods when the permit emission limits may be exceeded are considered a
violation of the MAFB Title V permit.

While the MAFB Title V Permit, Section III B.9 does make allowance for the
startup operating procedures, it do€s not relax emission limits:
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During the startup periods of boiler No. 1 and No. 3, when combusting coal,
the scrubber and baghouse may be bypassed until the exhaust gas tem-
perature reaches 350 degrees Fahrenheit, provided no emission limits are
violated (ARM [Administrative Rules of Montana] 17.8.715).

MAFB tasked the U.S. Army Engineer Research and Development Center, Con-
struction Engineering Research Laboratory (ERDC/CERL) to conduct a study to
determine emission limits during startup, shutdown, malfunction, and scrubber
bypass, to make appropriate recommendations to help MAFB maintain the heat
plant in compliance with permit requirements at all times when fired on coal, or to
recommend alternative fuels and equipment to maintain compliance.

Objectives

The objectives of part of the study were:

1. To ensure that the MAFB Heat Plant maintains emission levels, at all times, below
the allowable limits established by their operating permit, State, and Federal envi-
ronmental agencies.

2. If necessary, to develop a technical basis for revising the operating permit to allow
reasonable emissions during system startup and shutdown.

A further objective, to be expanded in a later report, was to analyze MAFB’s en-
ergy needs using HeatMap software to determine heating system alternatives.

Approach

1. Determine emission limits qualitatively. The team conducted a study to provide
estimated amounts of pollutants emitted during startup/shutdown (SU/SD) and
scrubber bypass. The study included current methods of operation and variations
of current methods that may reduce emissions. Researchers estimated emissions
using current fuel composition, under best case conditions using available “clean”
fuels, and worst-case conditions, using AP-42 guidelines.

2. Compare costs for all methods using current and expected fuel prices. This com-
parison was based on Chapter 7 of CERL Technical Report 99/101, NOx Evaluation
of Coal-Fired Heat Plant at Malmstrom AFB, MT.

8. Evaluate plant modifications. The team surveyed methods used by other similar
coal fired facilities to comply with U.S. Environmental Protection Agency (USEPA)
requirements. These methods were evaluated and improved where necessary to
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ensure that no emission limits in the MAFB permits would be violated during
SU/SD, scrubber cleaning, or normal plant operation. For each acceptable method,
the team determined required equipment, plant modifications, and procedural
modifications. Cost analyses included equipment, materials, and labor for installa-
tion, startup, and operation. The team made recommendations based on perform-
ance/life cycle cost.

- 4. Determine SIP language revision for startup and shutdown. This task determined
data and language required to request a change to the Montana SIP to allow for
noncompliant periods. If no equipment was available to allow the heat plant to
meet all emission requirements, the final report was to include data to support a
request directed to the MDEQ to alter the SIP to allow for this noncompliant pe-
riod. Any permit change will be in accordance with USEPA requirements. Revi-
sions meet the following requirements:

a. The revision must be limited to specific, narrowly defined source categories
using specific control strategies (e.g., cogeneration facilities burning natural
gas and using selective catalytic reduction).

b. Use of the control strategy for this source category must be technically in-
feasible during startup or shutdown periods.

c. The frequency and duration of operation in startup or shutdown mode must
be minimized to the maximum extent practicable.

d. Any justification of the SIP revision must include an analysis of the poten-
tial worst_case emissions that could occur during startup and shutdown.

e. All possible steps must be taken to minimize the impact of emissions during
startup and shutdown on ambient air quality.

f. At all times, the facility must be operated in a manner consistent with good
practice for minimizing emissions, and the source must have used best ef-
forts regarding planning, design, and operating procedures to meet the oth-
erwise applicable emission limitation.

g. The owner or operator’s actions during startup and shutdown periods must
be documented by properly signed, contemporaneous operating logs, or
other relevant evidence.

5. Evaluate alternative methods to coal for providing heat to Malmstrom AFB. The
team also addressed alternative methods of providing heat to the base as equip-
ment modifications may not be available to control emissions at start up and
changing the SIP may not be possible:

a. The team evaluated cost effective methods of providing heat to the base fa-
cilities with backup provisions should the primary source of fuel supply be
temporarily curtailed.
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b. The team investigated the cost of adding additional boilers needed for heat
supply and backup to achieve the desired heat output if natural gas is the
primary fuel source.

c. Decentralization of the heat supply was one method evaluated with instal-
lation of separate gas fired boilers located at each building on the base.

d. Other alternative considered methods included centrally fired facilities,
fired on natural gas, propane, diesel, JP-8, etc., and any alternative method
that would be cost effective.

e. Plant modifications required to accommodate the fuel types will be dis-
cussed. Additional boilers may be required to provide primary or standby
units.

f. Detailed estimates of the decentralization alternatives and all other feasi-
ble alternates included construction costs and operating and maintenance
labor costs.

- 6. Recommendations were made based on the best combination of fuels and equip-
ment in lieu of coal, on cost, fuel availability, fuel source, reliability, backup fuel
storage limitations, and environmental concerns.

Mode of Technology Transfer

The results of this study will be transmitted to MAFB for implementation, and will
be made available through the World Wide Web (WWW) at URL:

www.cecer.army.mil

CERL will use the results of this work to provide lessons learned to other stoker
CFHPs to support both Federal and private sector goals to improve air quality.
Units of Weight and Measure

U.S. standard units of measure are used throughout this report. A table of conver-
sion factors for Standard International (SI) units is provided below.

Sl conversion factors

1in. = 2.54cm

1t = 0.305m

1 gal = 3.78 L

1 kip =  453kg

1 psi =  6.89kPa

°F = (°Cx 1.8)+ 32




ERDC/CERL TR-02-11

2 Emission Results

Quantitative Emission Results
Background -

The Clean Air Act provides the principal framework for National, State, and local
efforts to protect air quality. Under the Clean Air Act, The Office of Air Quality
Planning and Standards (OAQPS) is responsible for setting standards, also known
as National Ambient Air Quality Standards (NAAQS), for pollutants considered
harmful to people and the environment. OAQPS is also responsible for ensuring

- that these air quality standards are met, or attained (in cooperation with State,
Tribal, and local governments) through National standards and strategies to con-
trol pollutant emissions from automobiles, factories, and other sources. To this
end, the MAFB CFHP has been permitted to operate within certain emission limi-
tations.

Allowable Emissions

Appendix A outlines the various emission standards required by the USEPA, the
MDEQ and the limits imposed in MAFB’s CFHP permit.

2001 Stack Emissions Test Results

Appendix B includes a summary of the results of MAFB’s most recent stack emis-
sion tests, conducted by Energy & Environmental Measurement Corp. in February
2001. Testing was done using USEPA approved methods. Appendix B gives test
results, by pollutant, for each boiler. Per testing requirements, each generator was
operating at 90 percent or greater of its maximum continuous rating load. The
staff at MAFB has quantitatively demonstrated that they operate their CFHP at
high operating loads well under the maximum emission permit limits.
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Qualitative Emission Results
Background

As part of the initial investigation, CERL completed an exhaustive literature
search for quantitative results of emissions testing at other coal-fired heating
plants during startup and shutdown (Appendix C). This search was undertaken to
discern whether other plant operators had made constructive operational and/or
maintenance changes to reduce emissions to meet permit limits during startup and
shutdown, and if those “Lessons Learned” might be applicable at Malmstrom AFB.
The search found no published literature on the subject. One possible reason for
lack of published test results is the requirement for isokinetics, matching the rate
of flow up the stack with the rate at which the sample is pulled. The USEPA 40
CFR 60 Appendix A, Reference Method 1-5 requires isokinetics for stack testing.
Yet, the airflow condition is neither constant nor at minimum necessary velocity-
during startup and shutdown. Therefore, proper testing at that point would be ex-
tremely difficult and such changing conditions would be a matter not easily or
readily repeated. Consequently, any results would not be consistent and the data
considered suspect. Therefore, a qualitative study of emission rates was required
to determine if Malmstrom AFB could meet its permit limits.

Equipment and Emissions During Normal Coal Operations

This section considers:

¢ emissions of flue gas from one boiler

e coal-fired Boilers No. 1 or No. 3

e existing normal coal operation over capacity range.

Appendix D to this report includes diagrams of flue gas flow and proposed modifi-
cations discussed throughout this report. Figure D1 shows a general diagram of
‘the components, and of air and flue gas flow for a typical coal-fired boiler. The
normal coal combustion operation for Boiler No. 1 or No. 3 is in compliance with
the MDEQ limits and regulations over the complete capacity range of operation.
Table 1 summarizes the data condensed from Table E1 (included in Appendix E to
this report). (Figure D2 shows a diagram of flue gas flow during this operation.)
Table E1 also includes a summary of the equipment and emission limits if all air
pollution control devices were completely bypassed (uncontrolled). In this sce-
nario, all permit limits would be exceeded.
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Table 1. Summary of estimated emissions over normal operating range, coal-fired.

USEPA Permit

Type of Emission Limits Plant Operational Range of Emissions
Particulate

Ib/hr 4.0 0.47 t0 1.88

‘Opacity, % 20% 5% to 5%
Nitrogen oxides

lb/MMBTU heat input 0.50 0.35 10 0.31

ib/hr 53.0 12410 32.9
Sulfur oxides

Ib/MMBtu Heat Input 0.32 0.2910 0.19

Io/hr 33.9 6.80 to 18.05

Table 2. Summary of estimated emissions over normal operating range, natural gas-fired

USEPA Permit

Type of Emission Limits Plant Operational Range of Emissions
Particulate

Ib/hr 4.0 0.01 To 0.07

Opacity, % 20% 0% To 2%
Nitrogen oxides

Ib/MMBTU heat input 0.50 0.07 To 0.11

Ib/hr 53.0 0.52 To 2.37
Sulfur oxides

Ib/MMBTU heat input 0.32 0.00067

Ib/hr 33.9 0.0031 To 0.0226

Equipment and Emissions During Normal Natural Gas Operations

This section considers:
e emissions of flue gas from one boiler
¢ natural gas-fired Boiler No. 1 or No. 2

e existing normal natural gas operation over capacity range.

The normal natural gas combustion operation for boiler No. 1 or No. 2 is in compli-
ance with the MDEQ limits and regulations over the complete capacity range of
operation. Figure D3 shows a diagram of flue gas flow during natural gas opera-
tion. Normal natural gas operation bypasses the baghouse and SDA. Table 2
summarizes the data condensed from Table E2. Table E2 also includes a summary
of the equipment and emission limits if all air pollution control devices were com-
pletely bypassed (uncontrolled). In this scenario, all permit limits were met. (The
limits of particulate and sulfur oxides are normally not tested because the inaccu-

racy of the test is greater than the emissions.)
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Equipment and Emissions During Startup and Shutdown (SU/SD)
Typlical CFHP 5-hr Startup

This section considers:

e emissions of flue gas from one boiler

e normal 5-hr coal startup of existing equipment.

- Note that this is not Malmstrom AFB’s current operational startup procedure.

However, this is a typical startup cycle for most coal-fired boilers. The startup of
most coal fired stoker boilers requires a minimum of 5 hours. The ASME boiler
and pressure vessel code recommends that the pressure parts of drums, headers,

 and tubes of a fired pressure vessel must be heated sufficiently and slowly to pre-

vent injury to personnel or failure of the pressure parts. Schmidt Associates, Inc.

~ (engineer consultants) was asked by Ford Motor Company to provide a technical

summary of the importance of a minimum 5-hr startup. Appendix F includes a
copy of this 1991 letter in its entirety.

This startup should form the standard (and basis for comparison) for all other sys-
tems. If the baghouse is put into operation at the initial operation of coal combus-

~tion, the nitrogen oxides and sulfur oxides must be addressed in relation to

startup. Tables 3, 4, and 5 summarize the data condensed from Table E3. Emis-
sion limits are exceeded for particulates, opacity, NOx, and Sox during the first 3
hours. During an uncontrolled situation, all other emission limits are exceeded as
well. Figure D4 shows a diagrams of flue gas flow during this operation.

" Table 3. Summary of estimated emissions during the first 3 hr of a normal 5-hr startup, coal-

fired.
USEPA Permit
Type of Emission Limits Plant Operational Range of Emissions
Particulate
Ib/hr 4.0 8.0t021.24
Opacity, % 20% 80% to 50%
Nitrogen oxides
Ib/MMBtu heat input 0.50 0.75t0 1.00
ib/hr 53.0 8.00 to 16.43
Sulfur oxides
Ib/MMBtu heat input 0.32 0.57
Ib/hr 33.9 4.56 t0 12.48
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Table 4. Summary of estimated emissions during the 4" and 5™ hours of a normal 5-hr start-up,

coal-fired.
USEPA Permit
Type of Emission Limits Plant Operational Range. of Emissions
Particulate .
Ib/hr 4.0 0.53 t0 0.60
Opacity, % 20% 5%
Nitrogen oxides
Ib/MMBtu heat input 0.50 0.40 to 0.50
Ib/hr 53.0 - 12.00 to0 13.25
Sulfur oxides
Ib/MMBtu heat input 0.32 0.192 to 0.38
Ib/hr 33.9 5.76 t0 10.07

Table 5. Summary of estimated emissions during a normal startup, coal-fired.

USEPA Permit

Type of Emission Limits Plant Operational Hourly Average Emissions
Particulate

b/hr 4.0 8.95

Opacity, % 20% 40%
Nitrogen oxides

Ib/MMBtu heat input 0.50 0.62

Ib/hr 53.0 12.53
Sulfur oxides

Ib/MMBtu heat input 0.32 0.41

lo/hr 33.9 8.22

Table 4 summarizes the fourth and fifth hours of the normal 5-hr startup. These
2 br of a normal 5-hr startup are in compliance (except one-half hour of sulfur ox-
ides). Table 5 summarizes the entire five 5-hr startup (the 5-hr average of emis-
sions). Note that these 5 hr average emissions of a normal 5-hr startup are non-
compliant. Figure D5 shows a diagrams of flue gas flow during the fourth and fifth

hours of operation.

MAFB CFHP 3-hr Startup

This section considers:
e emissions of flue gas from one boiler

e coal-fired Boiler No. 1 or No. 3
e a 3-hr coal startup of existing equipment
e circulating HTHW for 5 hr before coal light off.
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This is Malmstrom AFB’s current operational startup procedure. The startup of
MAFB’s coal-fired stoker boiler is normally shortened to 3 hr. The following steps
are taken to achieve the 3-hr startup time:

1. The plant will sfart up and operate in the fall (01 to 14 October) on natural gas
combustion either on Boiler No. 1 or Unit No. 2.

2. They slowly increase the HTHW to 350 °F over a week to 10 days. The stack emis-
sions are in compliance for all regulated limits because the plant is firing natural
gas only. See Appendix E.

3. When the heating load of the system increases sufficiently, a coal-fired HTHW
boiler is prepared for startup by circulating 350 to 400 °F HTHW through the unit
for 5 hr or longer. The circulating 350 to 400 °F HTHW warms up the ASME code
pressure parts to 75 percent of the final temperature.

During the first hour of coal combustion for the 3-hr startup, the spray dryer and
baghouse are bypassed to warm up the mechanical dust collector and air heater.
Tables 6, 7, and 8 summarize the data condensed from Table E4. During the first

“hour of operation, the CFHP exceeds its permit limits for particulates, opacity,

SOx, and NOx. Figure D6 shows diagrams of flue gas flow during this operation.

~ During the second and third hour of coal combustion for the 3-hr startup, the flue

gas flows through the spray dryer and baghouse (Table 7). The spray dryer has
chemical feed or sulfur oxide reduction for only 1% hr of the 2 hr. When the bag-
house and spray dryer are engaged (the second and third hours), the CFHP meets
all its permit limits. Table 8 lists the 3-hr average emissions (which are noncom-
pliant). Figure D7 shows a diagrams of flue gas flow during the second and third
hours of operation.

Shutdown

This section considers:

e emissions of flue gas from one boiler

e coal-fired Boiler No. 1 or No. 3

¢ shutdown of coal boiler and pollution control equipment.
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Table 6. Summary of estimated emissions during MAFB'S first hour startup, coal-fired.

Type of Emission USEE;;:M" Plant Operational Range of Emissions
Particulate
Ib/hr 4.0 20.56
Opacity, % 20% 65%
Nitrogen oxides
Ib/Btu Heat Input 0.50 0.75
Ib/hr 53.0 15.90
Sulfur oxides
Ib/Btu Heat Input 0.32 0.57
Ib/hr 33.9 12.08

Table 7. Summary of estimated emissions during

MAFB’S 27 and 3 hour startup, coal-fired.

USEPA Permit
Type of Emission Limits Plant Operational Range of Emissions
Particulate
Ib/hr 4.0 0.53 t0 0.60
Opacity, % 20% 5%
Nitrogen oxides '
Ib/MMBtu Heat Input 0.50 0.50 to 0.40
lb/hr 53.0 13.25t0 12.00
Sulfur oxides
Ib/MMBtu Heat Input 0.32 0.3810 0.192
Ib/hr 33.9 10.07 10 5.76

Table 8. Summary of estimated emissions during MAFB’s start-up, coal-fired.

USEPA Permit Plant Operational Hourly Average

Type of Emission Limits Emissions
Particulate

b/hr 4.0 7.23

Opacity, % 20% 25%
Nitrogen oxides

Ib/MMBtu heat input 0.50 0.53

Ib/hr 53.0 13.72
Sulfur oxides

Ib/MMBtu heat input 0.32 0.36

tb/hr 33.9 9.30
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The CFHP uses the following sequence during the shutdown of Boiler No. 1 and
Boiler No. 3 when firing coal:

1. Reduce boiler load to minimum fire for 1 hr with the spray dryer and baghouse in

operation.

| 2. After 1 hr a minimum load, stop feeding coal by pulling the coal feeder “dogs” and
stop the coal grate travel.

3. Five minutes after stopping coal feed and grate, stop forced draft fan.

4. After 10 minutes after stopping coal feed and grate, stop induced, draft fan and
chemical feed to spray dryer.

5. Boiler is now allowed to cool down and no emissions are emitted.

Table 9 lists the results condensed from Table E5. The CFHP remains in compli-
ance during shutdown. However, if the plant were in an uncontrolled situation, it
would not be in compliance.

Table 9. Summary of estimated emissions during MAFB’s shutdown, coal-fired.

USEPA Permit

Type of Emission Limits Plant Operational Range of Emissions
Particulate

Ib/hr 4.0 0.04 t0 0.47

Opacity, % 20% 0.8% to 5%
Nitrogen oxides

Ib/MMBLtu heat input 0.50 0.35

Ib/hr 53.0 0.70 to 8.26
Sulfur oxides

Ib/MMBtu heat input 0.32 0.05t0 0.29

Ib/hr 33.9 0.10t0 6.84

Table 10. Summary of estimated emission rates during a malfunction at the CFHP.

USEPA Permit

Type of Emission Limits Plant Operational Range of Emissions
Particulate

Ib/hr 4.0 0.04 to 20.56

Opacity, % 20% 0.8% to 65%
Nitrogen oxides

Ib/MMBtu heat input 0.50 0.3510 0.75

Ib/hr 53.0 0.70 t0 15.90
Sulfur oxides

Ib/MMBtu heat input 0.32 0.05 to0 0.57

Ib/hr 33.9 0.10 t0 12.08
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Malfunction of Air Pollution Control Equipment
Malfunction During Current Operations

Almost any malfunction in the CFHP’s current configuration would cause the
plant to exceed its permit limits. During higher heating loads, the CFHP would
immediately have to start-up another coal-fired boiler using current procedures.
Emission rates would be similar to those found in Table 10 (condensed form Tables
E4 and E5). Table 10 summarizes the results of the 3-hr changeover with the ex- -
isting air heater combustion air ductwork. In its current design, the CFHP will
exceed emission limits during a malfunction. Figure D8 shows a diagram of flue
gas flow during this operation.

Malfunction During Options A and B

This section considers:

e emissions of flue gas from one boiler

e coal fired Boiler No. 1 or No. 3

e coal boiler malfunction with bypass to Boiler No. 2 spray
e dryer and baghouse with revised breeching and ductwork.

Boiler No. 1 and No. 3 would each have additional flue gas breeching installed to
allow the flue gas from each of the air heater outlets to flow to Boiler No. 2 spray
dryer and baghouse. This breeching would be used in the event of a malfunction of .
the spray dryer or baghouse that serves either Boiler No. 1 or No. 3.

The baghouse serving Boiler No. 2 would become a “sacrificial” baghouse in terms
of bag life. Switching the flue gas flow from Boiler No. 1 or Boiler No. 3 into the
cold spray dryer and baghouse of Boiler No. 2 will cause acid condensation until
the system temperature stabilizes. This will require more frequent bag replace-
ment in baghouse of Boiler No. 2.

There are usually a couple hours of poor operating indications of the spray dryer
for Boiler No. 1 or Boiler No. 3 before their malfunction. This will allow time to
startup Boiler No. 2 on natural gas and warm-up spray dryer and baghouse for
Boiler No. 2. (Note: The operators have never had an immediate failure of the

spray dryer)

When either Boiler No. 1 or No. 3 individual baghouses are failing, the opacity
(stack particulate light density) increases. The plant personnel have adequate
warnings of opacity change during the cleaning cycle. When a single bag fails, the
stack opacity will increase slightly. As more bags slowly begin to fail over hours or
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days, the opacity continues to increase. Complete failure is not immediate. The
operators have ample time to take corrective action.

The proposed malfunction bypass procedure for Boiler No. 3% is:

1. Warm up Boiler No. 2 (natural gas) and bring unit on-line with flue gas flowing
through and warming Boiler No. 2 spray dryer, baghouse, and induced fan.

2. Reduce the load on Boiler No. 3 to minimum firing rate and increase the load on
Boiler No. 2.

3. Quickly switch the natural gas combustion flue gas for Boiler No. 2 from Boiler No.
2 induced draft fan to Boiler No. 2 auxiliary induced draft fan.

4. Change flue gas flow from Boiler No. 3 spray dryer and baghouse to Boiler No. 2
spray dryer and baghouse and allow system to warm up for 15 minutes without
feeding chemicals to spray dryer.

5. After 15 minutes of Boiler No. 2 spray dryer and baghouse warm-up, begin feeding
chemicals to spray dryer.

6. After 1-% hr of feeding chemicals to Boiler No. 2 spray dryer, increase the load on
Boiler No. 3 and decrease the load on Boiler No. 2 for shutdown.

Table 11 (condensed from Table E6) summarizes emission rates over the 3-hr
changeover with new air heater combustion air bypass ductwork. This proposed
plant modification is discussed in the following chapter (as Options A and B). Fig-
ures D9 and D10 show diagrams of flue gas flow during this operation.

The particulate, nitrogen oxides, and sulfur oxides emission limits are all in com-
pliance during a baghouse or SDA malfunction. In the event of a boiler malfunc-
tion, such as loss of a coal feeder, the nitrogen oxides emissions may increase to 1.0
Ib/MMBtu and the boiler will be out of compliance. This is due to the inability of
immediately switching to natural gas fuel and reducing coal combustion emissions.
In Option A, an existing rear wall burner is in Boiler No. 1 only; the boiler must be
shut down and cooled to change over from coal to natural gas firing. Option B
specifies a new sidewall burner in Boiler No. 1 and Boiler No. 3, but this burner is
retracted during coal operation. The ability to dual-fire completely on natural gas
would take a minimum of 1 hr.

“This procedure can also be used for Boiler No. 1 burning coal.
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Option C includes two sidewall burners (which are not retractéd) in Boilers No. 1
and No. 3. During a coal feeder malfunction, the burners can immediately be
turned on while the coal feeding is stopped. This is the only option where compli-

ance can be achieved at all times.

Table 11. Summary of estimated emission rates during a malfunction at the CFHP for

Options A and B.

USEPA Permit
Type of Emission Limits Plant Operational Range of Emissions
Particulate
lo/hr 4.0 0.47
Opacity, % 20% 5%
Nitrogen oxides
Ib/MMBLtu heat input 0.50 0.35
lb/hr 53.0 8.26
Sulfur oxides v
Ib/MMBtu heat input 0.32 0.18t0 0.28
lb/hr - 33.9 4.25 t0 6.61
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3 Plant and Operation Modifications
Analysis

The different methods reviewed in this study were evaluated for acquisition costs,
implementation costs, and projected emissions. Appendix G provides detailed con-
struction cost estimates for:

¢ opacity monitor modifications for all options

combustion air revision

demolition

structural roof

new flue gas breeching (control dampers, isolation dampers & expansion joints)
one new sidewall burner for Boilers No. 1 and No. 3

two new sidewall burners for Boilers No. 1 and No. 3.

Explanation of Life-Cycle Costs

Life-cycle costing for the existing operation and options was performed using
WinLCCID Version 1.6 Build 58. Energy costs were escalated using the rates in
the program that were taken from NIST Handbook 135 Supplement (April 1999).
Labor and other operating costs were escalated using an inflation factor of 2.5 per-.
cent/year. Future costs were reduced to their present value equivalents using the
programs discount rate of 2.85 percent. Appendix H outlines the life-cycle cost
analysis for the revised operation.

Existing Operation Summary

This is the “status quo” option, with the exception of opacity monitor modifications.
Fuel usage and the other operating costs were taken from plant records for the
year 2000. The only capital expenditure cost is for modifying the opacity monitors
for improved accuracy. Emission rates remain unchanged; the CFHP will exceed
permit limits during startup and during a malfunction of either boiler No. 1 or No.
3 if there is no bypass to the air heater.

Opacity monitors are installed on the exhaust stacks associated with Boilers No. 1,
No. 2, and No. 3. The opacity monitor associated with Boiler No. 2 is an older
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model and will be replaced to match the monitors installed for Boilers No. 1 and
No. 3. These monitors are located downstream of the baghouse and induced draft
fan in the stack at the test port location (platform). With the exception of Boiler
No. 2, these instruments were installed recently (1999) and replaced similar in-
struments in the same weatherproof enclosures. Malmstrom AFB has been ex-
periencing opacity exceedances that occur when fog is present. Researchers noted
that these exceedances may be unrelated to flue gas opacity, but may instead be
due to fogging on the mirrors and other optical surfaces within the opacity analyz-
ers. The analyzer manufacturer has confirmed that this may occur when water
vapor is drawn into the instrument through the purge air intake. This explanation
is supported by the fact that the purge air blowers on these units are unheated.

To reduce or eliminate these apparent exceedances, the purge air must be free of
significant amounts of water vapor or entrained moisture. In addition, the purge
air and the analyzer surfaces should be heated so that the optical surfaces do not
reach a temperature relatively low enough for condensation. These recommended
changes should help to accomplish this:

1. The weatherproof enclosures must be properly sealed to eliminate the entrance of
water, insulated, and heated using self-limiting electrical heat tape. This will keep
the electronics package as well as the light source, receiver and mirror package at a
temperature high enough to prevent condensation.

2. The purge air inlet should be extended down through the roof. The existing filter
should be examined to verify that it is within specification. (The filter media
should reject particles larger than 10 microns.) The filter should also be installed
at an accessible location within the boiler plant. All purge air piping above the roof
level should be insulated.

Tables 12 and 13 summarize the costs and emissions compliance outcome for the
“status quo” option.

Revised Plant Operation with Combustion Air System Modifications

The flue gas temperature at the air heater outlet of the HTHW boiler is too low.
The air heater outlet flue gas temperatures are 50 °F below the original manufac-
turer’s predictions. Prior test data shows that the air heater outlet flue gas tem-
perature ranges from 310 °F at full boiler load to 245 °F at minimum boiler load
when firing coal. Removal of SO: using the spray dryer is optimized when the flue
gas temperature is greater than 300 °F. The current plant operation is to burn
natural gas at lower boiler loads to avoid spray dryer operational problems and
ensure SOz emission compliance.
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Table 12. Cost summary for “status quo” option.

Equipment / Materials / Parameters Cost
Capitol cost
Opacity monitor modifications not including engineering $105,800
Operating costs per year
Fuel
Coal (5,500 tons @ $72.00/ton) $396,012
Natural gas (156,868 MCF @ $0.89/therm) $1,242,551
Operating and maintenance labor $845,000
Ash disposal $54,058
Maintenance material $90,000
Electrical power (boiler system only) $18,659
Lime $5,142
Total operating costs $2,651,422
Life cycle cost (25 years) $55,601,084
. Table 13. Emission compliance summary for “status quo” option.
Emission Compliant Startup Shutdown Malfunction
Opacity Noncompliant Compliant Noncompliant
Particulate Noncompliant Compliant Noncompliant
NOx Noncompliant Compliant Noncompliant
SO2 Noncompliant Compliant Noncompliant

By modifying the combustion air system, the flue gas temperature can be con-

trolled above 300 °F over the boiler operating range. Some of the combustion air

would be bypassed around the air heater to increase the flue gas temperature to

the spray dryer. The forced draft fan was sized for the additional pressure drop of

a hot water coil preheater, which is not used and has been abandoned. The addi- .
tion of a variable frequency drive to the forced draft fan will allow improved con-

trol of combustion air pressure at reduced boiler loads.

Modifications of the combustion air system will allow more coal to be burned at
lower boiler loads. This revised plant operation would also use the opacity monitor
modifications for improved accuracy.

These specific plant modifications would lower overall fuel costs, but would not re-
duce emission limits below permit levels during startup and shutdown. Tables 14
and 15 summarize the costs and emissions compliance outcome for the plant modi-
fications.
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Table 14. Cost summary for plant modifications.

Equipment / Materials / Parameters Cost
Capital cost
Opacity monitor modifications $105,800
Air heater modifications $544,300
Total capital cost not including engineering $650,100
Operating costs per year
' Fuel:
Coal: 9,966 tons @ $72.00/ton $717,561
Natural gas : 31,420 MCF @ $0.89/therm $248,878
Operating and maintenance labor $845,000
Ash disposal $97,952
Maintenance material $90,000
Electrical power (boiler system only) $30,025
Lime $9,316
Total operating costs $2,038,732
Life cycle cost (25 years) $42,706,477

Table 15. Emission compliance summary for plant modifications.

Emission Compliant Startup Shutdown Malfunction
Opacity Noncompliant Compliant Noncompliant
Particulate Noncompliant Compliant Noncompliant
NOX Noncompliant Compliant Noncompliant
SO» Noncompliant Compliant Noncompliant

Option A: 3-hr Coal Startup with Revised Breeching and Ductwork

This method would use the revised operation (Revised Plant Operation with Com-
bustion Air System Modifications as listed above) for operating costs as well as the
opacity monitor and air heater modifications. In addition, the flue gas breeching

would be modified for boiler warm-up and system malfunction.

Natural gas fired Boiler No. 2 would be warmed up to temperature and brought
on-line. The high temperature hot water produced by Boiler No. 2 would be circu-
lated through Boiler No. 1 or Boiler No. 3 to preheat the boiler setting prior to coal
light-off. The flue gases from Boiler No. 2 would be ducted to the spray dryer and
baghouse of Boiler No. 1 or Boiler No. 3 to preheat them prior to startup. This will
greatly reduce the time required to bring the system up to temperature for spray

dryer operation.
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This same flue gas breeching would be used in the event of a malfunction of the
spray dryer or baghouse on Boiler No. 1 or Boiler No. 3. The boiler operators have
a 2 to 3 hr time period from when the signs of a malfunction become apparent be-
fore a malfunction actually occurs. During this time period, Boiler No. 2 would be
fired to preheat the spray dryer and baghouse serving Boiler No. 2. The flue gases
from Boiler No. 1 or Boiler No. 3 would then be ducted to the spray dryer and bag-
house of Boiler No. 2.

Boiler No. 2 is equipped only with a natural gas burner. The proposed startup of
coal fired Boiler No. 1 or No. 3 would be:

1. Circulate HTHW from Boiler No. 2 (natural gas) through the proposed coal fired
boiler (Boiler No. 3 for example) for 5 hr or more. The pressure parts in Boiler No.
3 will increase to 350 °F.

2. Increase the natural gas combustion on Boiler No. 2 to 38 MMBtu/hr heat input
(100 percent capacity). The time of this combustion is 1 hr or more.

3. Through interconnecting breeching cause the natural gas flue gas at 320 °F from
Boiler No. 2 to flow through the spray dryer, baghouse, and induced draft fan of
Boiler No. 3. This hot (320 °F) flue gas will heat up the spray dryer, baghouse,
breeching and induced draft fan of Boiler No. 3. The time for this natural gas com-
bustion warmup will be 2 hr or more.

4. The first hour of coal combustion of Boiler No. 3 will also include natural gas com-
bustion from Boiler No. 2. The combined flue gas from Boiler No. 3 and Boiler No.
2 will flow through the spray dryer, baghouse, breeching, and induced draft fan of
Boiler No. 3.

Table 16 lists the emission rates during the 1%t hour of startup for Option A. (All
emissions are in compliance.)

The second and third hour of coal combustion of Boiler No. 3 will also include
- natural gas combustion from Boiler No. 2. The combined flue gas from Boiler No. 3
and Boiler No. 2 will flow through the spray dryer, baghouse, breeching, and in-
duced draft fan of boiler No. 3. Table 17 lists a summary of emission rates during
the 2¢ and 3¢ hours of startup for Option A. Figures D11 through D15 show dia-
grams of flue gas flow during this operation. Tables 18 and 19 summarize the
costs and emissions compliance outcome for the Option A.
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Table 16. Summary of estimated emission rates during 1st hour startup for Option A.

Type of Emission USEPA Permit Limits | Plant Operational Range of Emissions
Particulate

ib/hr 4.0 0.50

Opacity, % 20% 5% or less
Nitrogen oxides

Ib/MMBtu heat input 0.50 0.33

Ib/hr 53.0 198.70
Sulfur oxides

Ib/MMBtu heat input 0.32 0.100

5.93

Ib/hr 33.9

Table 17.. Summary of estimated emission rates during 27 and 3¢ hour startup for Option A.

Type of Emission USEPA Permit Limits | Plant Operational Range of Emissions
Particulate
Ib/hr 4.0 0.606 to 0.676
Opacity, % 20% 5%
Nitrogen oxides
Ib/MMBtu heat input 0.50 0.26 t0 0.23
Ib/hr 53.0 15.80 to 17.05
Sulfur oxides
Ib/MMBLtu heat input 0.32 0.075 to 0.080
ib/hr 33.9 4.81105.44
Table 18. Cost summary for Option A,
Equipment / Materials / Parameters Cost
Capital cost
Opacity monitor modifications $ 105,800
Air heater modifications $ 544,300
Breeching modifications $ 1,000,200
Demolition of existing breeching $ 135,500
Structural supports $ 234,900
Total capital cost not including engineering $ 2,020,700
Operating costs per year
Fuel:
Coal: 9,966 tons @ $72.00/ton $ 717,561
Natural gas: 31,420 MCF @ $0.89/therm $ 248,878
Operating and maintenance labor $ 845,000
Ash disposal $ 97,952
Maintenance material $ 90,000
Electrical power (boiler system only) $ 30,025
Lime $9,316
Total operating costs $ 2,038,732
Life Cycle Cost (25 years) $44,077,077
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Table 19. Emission compliance summary for Option A.

Emission Compliant Startup Shutdown Malfunction
Opacity Compliant Compliant Compliant
Particulate Compliant Compliant Compliant
NOX Compliant Compliant Noncompliant
SOz Compliant Compliant Compliant

Startup estimated emission rates are listed in Table E7. This option provides
permit compliance for startup, operation at all operating loads, shutdown, and
malfunction of the baghouse or SDA. A malfunction of the boiler will cause the
plant to exceed nitrogen oxide emission limitations.

Option B: 3-hr Coal Startup with New Burner

Option B uses the same operating costs as the revised operation (Revised Plant
Operation of Combustion Air System) and the capital costs of Option A with the
addition of new natural gas burners for Boilers No. 1 and No. 3.

Boiler No. 1 is equipped with a 38 MMBtw/hr heat input existing burner located in
the rear wall. This burner is much too large to be used as a startup burner and
requires the grate and coal feeders to be bricked over to prevent overheating from
the burner radiant heat. To burn coal, the grate and feeders have to be unbricked
and a refractory plug installed over the burner. This plug is required to protect
the burner from the coal-firing radiant heat, as the burner has no provision for
cooling air. The changeover from coal to natural gas firing takes an 8-hr shift after
the boiler has cooled down.

The proposed option is to install a single natural gas-fired, 25 MMBtwhr heat in-
put, burner in the sidewall of Boilers No. 1 and No. 3. This burner will allow the
startup of Boilers No. 1 and No. 3 without using Boiler No. 2. The boiler sidewall
tubes would